Introduction: Thrombocytosis has been identified as an unfavorable prognostic factor in several types of cancer. This study aimed to evaluate the prognostic value of pretreatment platelet count in association with the TNM staging system and therapeutic regimens in patients with nasopharyngeal carcinoma (NPC).
Background
Nasopharyngeal carcinoma (NPC) is a head and neck cancer that shows a distinct endemic distribution, with a high prevalence in southern China and surrounding areas [1] . Radiotherapy is the mainstay treatment modality for NPC. With the advent of intensity-modulated radiation therapy (IMRT), local control for NPC has improved significantly, and distant metastasis is the main cause of treatment failure at present [2] .
Currently, the prognosis of patients with NPC is evaluated primarily with the TNM staging system, which is the most important prognostic factor. However, a discrepancy sometimes exists between actual treatment outcomes and TNM classifications. This happens because metastasis is predisposed to occur in some patients with early-stage cancers, whereas a relatively long-term survival may be observed in certain patients with locoregionally advanced diseases [3, 4] . For the former group of patients, radiotherapy alone may be insufficient and is likely to end with failure; for the latter group of patients, aggressive treatment such as chemoradiotherapy may result in overtreatment, which causes toxicity, decreases quality of life, and even increases the risk of noncancer death [5] . This phenomenon highlights limitations of the TNM staging system, which does not take functional factors into consideration. Hence, to improve the potential for individualized treatment, it is reasonable to consider other factors in addition to the TNM staging system for more accurate and practical prognostication for NPC [6] .
Platelets play important roles in physiological and pathological pathways and have been linked to tumor metastasis and other oncological processes. Tumorrelated thrombocytosis is a common phenomenon in patients with solid cancers, and it has been identified as an unfavorable prognostic factor in lung cancer, breast cancer, and many other malignancies [7] . To our knowledge, however, few studies have investigated the characteristics and outcomes of patients with NPC and thrombocytosis. Previously, we analyzed 1,582 patients with NPC and determined that a platelet count greater than 300 × 10 9 /L before radiotherapy was an unfavorable prognostic factor for survival and distant metastasis [8] . However, the outdated 2002 Union for International Cancer Control/ American Joint Committee on Cancer (UICC/AJCC) staging system was used in that study, and the association between platelet count and the TNM classification was not fully investigated, providing no evidence of whether platelet count could be used together with the TNM staging system to improve prognostic prediction. Also, as we know, patients with advanced-stage NPC often require chemoradiotherapy, and chemotherapy may inhibit marrow function and affect platelet count before radiotherapy. Thus, in this study, we enlarged the sample size, restaged all patients according to the newest 7th edition of the UICC/AJCC staging system, and obtained platelet count data before treatment (chemoradiotherapy or radiotherapy) to accurately investigate the significance and prognostic value of pretreatment platelet count for treatment outcomes compared with established prognostication systems. Moreover, adding chemotherapy to radiotherapy helps to reduce the risk of metastasis in patients with NPC. Thus, we performed matched-pair analysis between patients who received chemoradiotherapy and those who received radiotherapy alone to assess the real effect of these treatments and to aid in planning individualized treatment.
Patients and Methods

Patient selection and clinical staging
We conducted a retrospective study of 2,669 patients who were newly diagnosed with NPC without distant metastasis between January 2001 and December 2004 at the Sun Yat-sen University Cancer Center (SYSUCC). Inclusion criteria were as follows: (1) newly diagnosed, histologically proven NPC; (2) no distant metastasis; and (3) receiving radical radiotherapy. Exclusion criteria were as follows: (1) lack of pretreatment platelet count records (n = 12) and (2) concomitant diseases that may affect platelet count, such as autoimmune disease, history of blood transfusion, liver cirrhosis, and severe hypertension (n = 31). Thus, a total of 2,626 patients were included and their data were analyzed in this study. Computed tomography and/or magnetic resonance imaging was essential for disease staging before treatment, and all cases were restaged according to the 7th edition of the UICC/AJCC staging system [9] . This study was approved by the Hospital Ethics Committee of SYSUCC. Written consent was waived as it was a retrospective study, and verbal consent was obtained via telephone.
Platelet count measurement
Pretreatment platelet count was measured at baseline within 7 days before treatment (chemoradiotherapy or radiotherapy) for all patients. A platelet count greater than 300 × 10 9 /L was defined as thrombocytosis, according to the normal range of platelet counts in our institution (100 × 10 9 /L to 300 × 10 9 /L).
Grouping and matching
The flowchart of our study design is shown in Figure 1 . We first performed survival analysis based on pretreatment platelet count in all 2,626 patients with NPC. Then, patients were categorized into 4 groups to analyze the prognostic value of pretreatment platelet count when stratified by T category, N category, and TNM classification as follows: Group 1, T1-2/N0/ stages I-II disease with platelet count ≤300 × 10 9 /L; Group 2, T1-2/N0/stages I-II disease with platelet count >300 × 10 9 /L; Group 3, T3-T4/N1-3/stages III-IV disease with platelet count ≤300 × 10 9 /L; and Group 4, T3-T4/N1-3/stages III-IV disease with platelet count >300 × 10 9 /L.
To balance other prognostic factors and validate the real association between therapeutic regimens and treatment outcomes in patients in the 4 groups, we performed a one-to-one match between patients receiving chemoradiotherapy and radiotherapy based on the randomization pairing principle for matched-pair analysis. Matching was performed according to age, sex, TNM classification, T category, and N category. We generated 743 matched pairs of patients, with 270 pairs in Group 1, 34 pairs in Group 2, 379 pairs in Group 3, and 60 pairs in Group 4.
Radiotherapy
All patients were treated with definitive-intent radiotherapy with high-energy, 6 MV to 8 MV X-ray by linear accelerator, including 2,400 patients (91.4%) treated with two-dimensional conformal radiotherapy (2D-CRT), 61 (2.3%) treated with three-dimensional conformal radiotherapy (3D-CRT), and 165 (6.3%) treated with IMRT.
Opposing lateral facial-cervical fields were used in the 2D-CRT to cover the nasopharynx and upper cervical lymphatic drainage region, with one lower anterior cervical field to cover the lower cervical region. After 36 to 40 Gy of radiation, opposing lateral preauricular fields were used for the primary region, and anterior split neck fields were used for the cervical region. The primary tumor was irradiated to a dose of 60 to 78 Gy. The dose of prophylactic irradiation for patients treated with 2D-CRT was 50 to 54 Gy to the prophylactic areas. For 3D-CRT, the total prescribed dose was 66 to 72 Gy to the gross tumor volume of the nasopharynx (GTVnx), 60 to 70 Gy to the gross tumor volume of the involved metastatic lymph nodes (GTVnd), 60 Gy to clinical target volumes-1 (CTV-1, the GTVnx and an additional 5to 10-mm margin), and 50 to 54 Gy to the prophylactic irradiating region (CTV-2). For IMRT, the target definition and delineation were the same as described above for 3D-CRT. The prescription dose was 68 Gy to the GTVnx, 60 to 64 Gy to the GTVnd of the neck, 60 Gy to the CTV-1, and 54 Gy to the CTV-2.
Chemotherapy
Of 2,626 patients, 1,216 (46.3%) received neoadjuvant, concurrent, or adjuvant chemotherapy. The majority of the patients (774 of 1,100; 70.3%) with stage III or IV NPC (classified as T3-4 and/or N2-3 disease) received chemotherapy. Neoadjuvant or adjuvant chemotherapy consisted of cisplatin and 5-fluorouracil or taxanes every 3 weeks for 2 or 3 cycles. Concurrent chemotherapy consisted of either cisplatin plus 5-fluorouracil or cisplatin alone given weekly or on weeks 1, 4, and 7 of radiotherapy. 
Follow-up
After completing treatment, patients were followed up every 3 months for the first 3 years and the intervals gradually increased to 6 to 12 months after 3 years. February 1st, 2011 was the date of last follow-up.
The primary endpoint was overall survival (OS), and the secondary endpoints were locoregional recurrencefree survival (LRFS) and distant metastasis-free survival (DMFS). OS was calculated as the period from the start of treatment to death from any cause. LRFS and DMFS were calculated as the period from the start of treatment to the first occurrence of locoregional and distant failure, respectively.
Statistical analysis
All analyses were performed using SPSS software, version 19.0. The Chi-square test was used to compare categorical variables. The rates of OS, LRFS, and DMFS were estimated by means of the Kaplan-Meier method and differences were compared by using the log-rank test. Multivariate analysis using a Cox proportional hazards model was used to test the independent significance of different variables by backward elimination. The covariates entering into the multivariable analysis included host factors (age and sex), tumor factors (T and N categories), and treatment factor (chemoradiotherapy or radiotherapy) for the entire patient cohort and the 4 patient groups, and host factors and tumor factors for matched pairs of patients.
Receiver operating characteristic (ROC) curve analysis was used to evaluate the predicted validity of pretreatment platelet count, based on the method of Hanley and McNeil [10, 11] . The comparison of areas under the curve (AUCs) was made by Z test, and a two-sided P value of < 0.05 was considered statistically significant.
Results
Patient characteristics
The baseline characteristics of the 2,626 patients analyzed in this study are shown in Table 1 . The median age was 46 years (range, 11-78 years). Among the 2,626 patients, 2,387 (90.9%) had undifferentiated nonkeratinizing carcinoma, 222 (8.4%) had differentiated non-keratinizing carcinoma, and 17 (0.6%) had other types of cancer.
The median duration of follow-up was 81.6 months (range, 1.4-124.7 months). Of all 2,626 patients, 493 (18.8%) developed locoregional failure, 368 (14.0%) developed distant metastasis, and 774 (29.5%) died. For the entire cohort, the 5-year OS, LRFS, and DMFS rates were 76.7%, 84.4%, and 86.7%, respectively.
Characteristics and survival analysis in the entire patient cohort
Pretreatment platelet count ranged from 58 × 10 9 /L to 572 × 10 9 /L with a median value of 224 × 10 9 /L. Among all 2,626 patients, 402 (15.3%) had a platelet count greater than 300 × 10 9 /L. Thrombocytosis occurred more frequently in female patients than in male patients (20.8% vs. 13.6%, P < 0.001), in patients with advanced T-category (T3-4) lesions than in patients with early T-category (T1-2) lesions (17.7% vs. 13.6%, P < 0.001), and in patients with locoregionally advanced NPC (stages III-IV) than in patients with early-stage NPC (stages I-II) (16.4% vs. 13.6%, P = 0.021) ( Table 1) . No significant differences in age, N category, or treatment were found.
Univariate analysis indicated that platelet count was a significant prognostic factor for OS (P < 0.001) and 2D) . For LRFS, no significant difference was found between patients with different platelet counts after T/N category stratification. Multivariate analysis showed that a high platelet count was an independent unfavorable prognostic factor for OS and DMFS not only in patients with advanced T/N categories (Group 3 and Group 4) but also in patients with early T/N categories (Group 1 and Group 2) (all P ≤ 0.001). Stratified by TNM classification, patients in Group 1 and Group 2 had 5-year OS rates of 85.2% and 77.1% (P < 0.001), respectively, and 5-year DMFS rates of 90.5% and 82.6% (P = 0.008), respectively; in patients in Group 3 and Group 4, the 5-year OS rates were 73.3% and 63.9% (P < 0.001), respectively ( Figure 2E) , and the 5-year DMFS rates were 86.3% and 76.8% (P < 0.001), respectively ( Figure 2F ). Overall, the 5-year OS and DMFS rates of patients with different platelet counts were significantly different when stratified by TNM classification (Group 1 vs. Group 2; Group 3 vs. Group 4). However, no significant difference was found between Group 2 and Group 3. For LRFS, no significant difference was observed between patients with different platelet counts when stratified by TNM classification. In multivariate analysis, a high platelet count was an independent unfavorable prognostic factor for OS and DMFS not only in patients with locoregionally advanced NPC (Group 3 and Group 4) but also in patients with early-stage NPC (Group 1 and Group 2) (all P ≤ 0.01; Table 2 ).
The validity of adding pretreatment platelet count to TNM classification for predicting survival in the entire patient cohort ROC curves were used to compare the validity of adding pretreatment platelet count (≤300 × 10 9 /L and >300 × 10 9 /L) to TNM classification (stages I-II and III-IV) for prognostic prediction. For OS, the AUC was 0.58 for TNM classification alone and 0.61when platelet count was added to TNM classification (P = 0.030) ( Figure 3A) . The results revealed that the addition of platelet count to TNM classification was superior to TNM classification alone in predicting survival for patients with NPC. No significant improvement in predicting locoregional recurrence was observed with the addition of platelet count to TNM classification (P = 0.393) ( Figure 3B ). For DMFS, adding platelet count to TNM classification had a tendency to improve prediction of distant metastasis (P = 0.086) ( Figure 3C ).
Prognostic value of chemoradiotherapy in matched pairs of patients in the 4 groups stratified by TNM classification
The baseline characteristics of the 743 matched pairs of patients are shown in Table 3 . In Group 1, the 5-year OS, LRFS, and DMFS rates for patients receiving radiotherapy and chemoradiotherapy were 80.1% vs. 80.8% (P = 0.623), 91.6% vs. 90.2% (P = 0.284), and 87.6% vs. 85.0% (P = 0.198). In Group 2, the 5-year OS, LRFS, and DMFS rates for patients receiving radiotherapy and chemoradiotherapy were 59.8% vs. 73.5% (P = 0.337), 90.0% vs. 96.0% (P = 0.378), and 65.1% vs. 87.2% (P = 0.068). In Group 3, the 5-year OS, LRFS, and DMFS rates for patients receiving radiotherapy and chemoradiotherapy were 70.7% vs. 78.3% (P = 0.085), 79.4% vs. 84.7% (P = 0.175), and 88.2% vs. 88.9% (P = 0.772). There was no significant difference among the treatment outcomes for the aforementioned 3 groups. In Group 4, the 5-year OS, LRFS, and DMFS rates for patients receiving radiotherapy and chemoradiotherapy were 63.3% vs. 75.0% (P = 0.002), 79.3% vs. 88.1% (P = 0.008), and 72.7% vs. 84.6% (P = 0.009), indicating a significant difference for all treatment outcomes (Figure 4 ). Cox regression also showed that chemoradiotherapy significantly improved OS (HR = 0.416, 95% CI = 0.226-0.765, P = 0.005), LRFS (HR = 0.327, 95% CI = 0.130-0.820, P = 0.017), and DMFS (HR = 0.366, 95% CI = 0.162-0.825, P = 0.015) in Group 4.
Discussion
Pretreatment platelet count is a common and practical laboratory examination. This study demonstrates that thrombocytosis was associated with poor OS (HR = 1.810, 95% CI = 1.531-2.140, P < 0.001) and increased the incidence of distant metastasis (HR = 1.873, 95% CI = 1.475-2.379, P < 0.001) in patients with NPC. Thrombocytosis Figure 2 Survival analysis based on pretreatment platelet count (≤300 × 10 9 /L and >300 × 10 9 /L) in all 2,626 patients with nasopharyngeal carcinoma stratified by T category/N category/TNM classification. A, overall survival curves for the 4 groups stratified by T category. B, distant metastasis-free survival curves for the 4 groups stratified by T category. C, overall survival curves for the 4 groups stratified by N category. D, distant metastasis-free survival curves for the 4 groups stratified by N category. E, overall survival curves for the 4 groups stratified by TNM classification. F, distant metastasis-free survival curves for the 4 groups stratified by TNM classification. Group 1: T1-2/N0/stages I-II disease with platelet count ≤300 × 10 9 /L; Group 2: T1-2/N0/stages I-II disease with platelet count >300 × 10 9 /L; Group 3: T3-4/N1-3/stages III-IV disease with platelet count ≤300 × 10 9 /L; Group 4: T3-4/N1-3/stages III-IV disease with platelet count >300 × 10 9 /L. remained an independent unfavorable prognostic factor in subgroup analysis stratified by T category/N category/ TNM classification. Thrombocytosis was more frequent in patients with advanced-stage disease, occurring in 13.6% (144 of 1,056) of patients with early-stage NPC (stages I-II) and in 16.4% (257 of 1,570) of patients with locoregionally advanced NPC (stages III-IV) (P = 0.021).
Increased platelet count can be commonly observed in malignancies (10% to 57%) [12] . The cause of tumor-related thrombocytosis still remains unclear but interleukin-6 (IL-6) is thought to be responsible, as it mediates tumor-related production of thrombopoietin, a granulocyte-macrophage colony-stimulating factor [13] . Accumulating evidence shows that increased platelet count enhances the metastatic potential of tumor cells by facilitating immune evasion, promoting extravasation, and impeding natural killer cells [4] . The association between thrombocytosis and TNM classification indicates an interaction between platelets and tumor cells in tumor progression. Platelets can secrete a number of proangiogenic cytokines such as vascular endothelial growth factor [14] and thymidine phosphorylase [15] . These platelet-derived factors regulate angiogenesis and cell proliferation, which are associated with extensive tumor invasion and poor response to chemoradiotherapy [16, 17] . Advanced cancer can further induces the production and activation of platelets through tumorassociated tissue factors such as IL-6, thrombin, and ADP, thus creating a vicious circle [18] . Similar association between thrombocytosis and TNM classification was also found in other solid cancers [19] [20] [21] . Along with proangiogenic cytokines, platelets also promote angiogenesis directly via integrins by mediating cell-tocell adhesion [22] and increasing the risk of thrombosis through the hypercoagulable state developed in cancer patients [23] and therefore result in poor prognosis.
Another major objective of our study was to verify the prognostic value of both pretreatment platelet count and disease stage. Although advanced-stage disease is usually associated with poor local control and survival, patients with different platelet counts and tumors in the same TNM classification may have different prognoses. In the stratified analysis, patients with tumors in the same TNM classification (early-stage or advanced) and different platelet counts had significantly different OS and DMFS. Notably, there was no significant difference in OS and DMFS between patients with early-stage NPC with thrombocytosis (Group 2) and those with locoregionally advanced NPC without thrombocytosis (Group 3). This reiterates the limitations of the current TNM staging system, which is based on anatomic involvement and does not accurately reflect the level of malignancy. Increased pretreatment platelet count may reflect increased tumor burden and result in poor prognosis beyond the TNM staging system. The ROC curve results suggest that the prediction of survival can be significantly improved by adding pretreatment platelet count to the current TNM staging system (P = 0.030). Also, adding platelet count to TNM classification had a strong tendency to improve the prediction of distant metastasis (P = 0.086). Such improvements to the prognostic system would facilitate better stratification such that patients with predicted poorer prognosis could receive more aggressive treatment protocols.
From the results of matched-pair analysis between patients receiving different therapeutic regimens, we can see that chemoradiotherapy did not improve any treatment outcome in patients with early-stage NPC with or without thrombocytosis (Group 1 and Group 2) although there was a strong tendency to reduce the risk of distant metastasis in Group 2 (P = 0.078). For patients with locoregionally advanced NPC without thrombocytosis (Group 3), chemoradiotherapy had a strong tendency to improve survival (P = 0.093), and for patients with locoregionally advanced NPC with thrombocytosis (Group 4), chemoradiotherapy improved all treatment outcomes. One major goal of adding chemotherapy to radiotherapy in patients with NPC is to reduce micrometastases. The results above indicate that pretreatment platelet count can serve as a useful tool to identify patients at high risk of metastasis and poor survival, who could benefit from more aggressive treatment such as chemoradiotherapy. Patients with early-stage NPC without thrombocytosis may gain less or even no benefit from aggressive therapeutic strategies, which means chemoradiotherapy probably results in overtreatment and the adverse effects outweigh the advantages. In contrast, patients with early-stage NPC with thrombocytosis may benefit from chemoradiotherapy, as it has a tendency to reduce the risk of metastasis. The insignificant improvement in survival may result from the relatively early-stage and small matched-pair samples. As patients with advanced-stage NPC with thrombocytosis may gain the most benefit from chemoradiotherapy, it is possible that these patients may require a more intensive systemic treatment. However, for patients with advanced-stage NPC without thrombocytosis, clinicians using current chemoradiotherapy strategies should monitor for overtreatment and modulate the treatment plan as necessary, as these patients stand to gain less benefit. Moreover, with respect to thrombocytosis, anticoagulants may be combined with radiotherapy or chemoradiotherapy to improve treatment outcomes. A meta-analysis of 11 studies demonstrated that anticoagulants could significantly improve OS in cancer patients [24] .
This study has several limitations. This is a retrospective study, in which the results might be affected by some confounding factors and the bias could not be neglected. Also, the absolute difference between AUCs was relatively small, indicating that platelet count alone was insufficient for establishing an excellent predictive model. Additional predictive factors are needed to improve the model's performance. Moreover, although previous meta-analyses indicated that both neoadjuvant chemotherapy and concurrent chemotherapy with or without adjuvant chemotherapy could improve OS in patients with locoregionally advanced NPC [25, 26] , the demonstrated superiority of chemoradiotherapy to radiotherapy alone could be a mixed effect of the combined modalities, which is hard to distinguish. In addition, only a small proportion of patients (6.3%) received IMRT. As IMRT can improve local control significantly, we presume that the predictive ability of pretreatment platelet count for metastasis and survival would be more apparent in patients receiving IMRT, and these patients may gain more benefit from the addition of chemotherapy if thrombocytosis is present. Despite these limitations, this is a single-institution study with a large sample size that specifically reports the prognostic value of pretreatment platelet count in association with the TNM classification \and therapeutic regimens in patients with NPC. The results of this study could aid further refinement of the current TNM staging system. Furthermore, pretreatment platelet count, which can be measured easily and at low cost, may aid in developing individualized treatment strategies to improve the prognosis of patients with NPC and therefore represents an important therapeutic prospect.
Conclusions
Pretreatment platelet count is a useful indicator for metastasis and survival in NPC patients. It helps to improve the prediction accuracy of the TNM staging system. Also, it is a useful tool to identify patients who may benefit from more aggressive therapeutic regimens. 
